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A s  a r e s u l t  of a study of cosmic 

records  f o r  t h e  per iod 1961-1963 f rom 

radiowave absorp t ion  

a network of Alaskan 

r iometer  s t a t i o n s  loca t ed  near t h e  a u r o r a l  zone maximum, three 

c h a r a c t e r i s t i c  absorp t ion  events have been i d e n t i f i e d :  

Type F events,  cha rac t e r i zed  by a sudden i n c r e a s e  i n  absorp t ion  

((5 min); (2)  Type S events,  character ized by a s l o w  inc rease  

and slow recovery of absorption (430 min), and which occur 

during quie t  condi t ions,  and; ( 3 )  Type P events ,  cha rac t e r i zed  

by a more o r  less r e g u l a r  p e r i o d i c i t y  of absorpt ion.  The ’ 

temporal and spatial  a s p e c t s  of t h e s e  events  were i n v e s t i g a t e d  

and found t o  vary wi th  geomagnetic l a t i t u d e .  

(1) 

Magnetometer records and a l l - s k y  camera data were analyzed 

simultaneously w i t h  t h e  riometer data, y i e l d i n g  seve ra l  i n t e r e s t -  

ing  r e l a t i o n s h i p s ,  Type F events were found t o  be r e l a t e d  t o  

t h e  w e l l  known breakup phase of t h e  aurora  occurr ing near  the  

midnight meridian and a l s o  t o  the sudden inc rease  of t h e  H- 

component of the  magnetograms a t  the onset  of a negat ive bay. 

Type S events  a r e  connected with the  c h a r a c t e r i s t i c a l l y  l e s s  

v i o l e n t  breakup of  a u r o r a l  d i sp lays  occurr ing near  t h e  dawn 

meridian and o f t e n  wi th  negative bay-type magnetic d i s turbances .  

Type P events  were found t o  occur simultaneously w i t h  magnetic 

pu l  sa t  ions.  

It i s  shown tha t  Type F absorption events  can be u s e f u l  i n  

i d e n t i f y i n g  con jugate  pairs. A small amount o f  observa t iona l  
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data i n d i c a t e s  t ha t  Type S events may a l so  be o f  l i m i t e d  use 

i n  conjugate inves t iga t ions .  

By means of mul t ip le  frequency data for t h e  Type F and 

S events ,  i t  is a l s o  shown t h a t  t h e  i o n i z a t i o n  extends very 

much below the a l t i t u d e  of t h e  a s soc ia t ed  v i sua l  a u r o r a l  

d i sp lays .  
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The seasonal va r i a t ion  of Type F absorp t ion  10 
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absorp t ion  events.  T h i s  graph r ep resen t s  t h e  
magnitude of the  sudden inc rease  i n  absorp t ion  
measured f rom the pre-dis turbance level, Note 
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CHAPTER I 

FEATURES OF HIGH-LATITUDE ABSORPTION 

The measurement of cosmic-noise radio-wave absorp t ion  

introduced by Shain (1951) and Mitra and Shain (1953) has pro-  

vided a powerful t o o l  f o r  study of the upper atmosphere, Such 

a method i s  e s p e c i a l l y  u s e f u l  a t  high l a t i t u d e s  where s e r i o u s  

VHF abso rp t ion  i s  f requent .  L i t t l e  and Leinbach (1958, 1959) 

have adapted the radiometer develowd by Machin, Ryle and Von- 

berg (1952) f o r  use i n  measuring radio-wave absorpt ion.  A 

c a r e f u l  design should ensure tha t  an output  i s  only s l i g h t l y  

dependent on system ga in  var ia t ions .  The instrument,  p a r t i c -  

u l a r l y  t h e  more recent  versions by commercial manufacturers, has 

proven t o  be s u i t a b l e  for f i e l d  ope ra t ion  and has been i n  use  a t  

var ious  f i e l d  s i t e s  i n  the polar  reg ions  s i n c e  1958. 

A t  the  auroral-zone l a t i t u d e s  f o u r  d i s t i n c t  ca t egor i e s  of 

abso rp t ion  phenomena a r e  observed, During t h e  sudden cosmic 

noise  absorp t ion  ( S C N A )  events  simultaneous w i t h  c e r t a i n  s o l a r  

f l a r e s ,  the absorp t ion  increases  suddenly and recovers  t o  a 

normal l e v e l  u s u a l l y  wi th in  a n  hour. These events  a r e  recorded 

only over  the  s u n l i t  hemisphere and a r e  thought t o  be caused by 

the hard x-ray emissions (210 A )  from c e r t a i n  s o l a r  f l a r e s .  

Polar-cap absorp t ion  (PCA) phenomena are observed through- 

out the p o l a r  regions,  polewards from about 60" gedmagnetic 

l a t i t u d e .  The absorp t ion  increases  slowly, reaching a maximum 

l e v e l  many hours following t h e  s o l a r  f lare  and o f t e n  lasts f o r  

s e v e r a l  days, Low energy s o l a r  pro tons  a r e  respons ib le  f o r  PCA 

abso rp t ion  events ,  (1946) and Ba i l ey  (1957) . 3 
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Sudden commencement absorpt ion (SCA) , a s s o c i a t e d  w i t h  the 

sudden commencement of earth storms,  resembles, on t h e  record,  

an  SCNA, but may be recorded simultaneously i n  both t h e  day and 

n ight  hemispheres. However, the absorp t ion  i s  appa ren t ly  l i m i t e d  

t o  s t a t i o n s  near  the a u r o r a l  zone maximum, Brown e t  a l ,  (1961). 

Auroral absorp t ion  (AA)  records are cha rac t e r i zed  by the  

i r r e g u l a r  v a r i a t i o n  of the cosmic noise  l e v e l .  Rapid inc reases ,  

as we l l  as extended pe r iods  of absorp t ion  are common f e a t u r e s  of 

t h e s e  records.  These absorpt ion events  may be c o r r e l a t e d  wi th  

v i s u a l  aurora  and magnetic dis turbances,  L i t t l e  and Leinbach 

(195811 . c 
O f  t h e  f o u r  types of absorpt ion d iscussed  above, t h e  na ture  

and o r i g i n  of the first t h r e e  types  has been e s t ab l i shed .  How- 

ever ,  due t o  t h e  complex nature  of a u r o r a l  absorp t ion  events  and 

t h e i r  non-uniformity from s t a t i o n - t o - s t a t i o n  and from event - to-  

event,  they  are more d i f f i c u l t  t o  analyze. S tud ie s  by L i t t l e  

and Leinbach (1958), B a s l e r  (1961), Holt ,  Landmark and Lied (1962) 

and H a r t z  (1963) have def ined t h e  zone of maximum absorp t ion  and 

determined t h e  d a i l y  v a r i a t i o n  f o r  var ious longi tudes.  

i n v e s t i g a t i o n s  have used absorpt ion magnitudes i r r e s p e c t i v e  of 

The above 

t h e  i n t r i n s i c  f e a t u r e s  of the  absorpt ion events .  Therefore,  a 

s tudy w a s  i n i t i a t e d  t o  examine t h e  abso rp t ion  records f o r  

i d e n t i f i a b l e  f e a t u r e s ,  and t o  i n v e s t i g a t e  t h e i r  spat ia l  and 

temporal aspec ts .  Three d i s t i n c t  events  have emerged as a r e s u l t  

of t h i s  s tudy and t h e i r  v a r i a t i o n  i n  space, t i m e ,  and magnitude 

form t h e  basis of  t h i s  inves t iga t ion .  

descr ibed  as  follows: 

These events  may be 

2 



Tne f irst  category of events, c a l l e d  Type F i n  t h i s  study, 

a r e  cha rac t e r i zed  by a f l a s h - l i k e  inc rease  of  absorpt ion.  A l l  

events  s tud ied  reached t h e i r  maxima wi th in  f i v e  minutes and many 

of them, wi th in  a minute, During t h e  absorp t ion  events  of dura-  

t i o n  g r e a t e r  than f i v e  minutes, Type F events  o f t e n  formed par t  

of the  absorp t ion  inc rease  and were considered as  sepa ra t e  events.  

See Fig. 1 f o r  an  example of the  Type F absoi'ption event. 

A second category i s  the smoothly varying abso rp t ion  

(Fig. 8) events  which reach maximum absorp t ion  w i t h i n  twenty t o  

t h i r t y  minutes of t h e i r  time of onset .  These events  have been 

termed absorp t ion  bays by Ziauddin (1961) and are c a l l e d  Type S 

here .  The c r i t e r i o n  f o r  s e l ec t ing  these  events  w a s  a l ack  of 

a u r o r a l  absorp t ion  a c t i v i t y  f o r  a t  l e a s t  f o u r  hours  p r i o r  t o  t h e  

onset  of t h e  event,  and a t  least two hours fol lowing (Fig. 8). 

The t h i r d  category i s  the pulsa t ing  absorp t ion  events ,  

Type P, o f  a ' s i n u s o i d a l '  nature. It was requi red  tha t  a t  l e a s t  

f o u r  c y c l e s  of the sinuosoid appear. 

It may be noted that  t h e  above i d e n t i f i c a t i o n s  have received 

cognizance by t h e  ear l ie r  workers i n  the f i e ld ;  h e r e  they  shall 

be subjec ted  t o  d e t a i l e d  inves t iga t ion ,  

L i t t l e  and Leinbach (1958) examined t h e  broad and narrow 
I I  antenna beam absorp t ion  values  f o r  a number of  

These s i n g u l a r  events  were described as occasions during which 

t h e  abso rp t ion  increased  markedly from the predis turbance  l e v e l  

and decreased t o  approximately the o r i g i n a l  l e v e l  w i th in  15 

minutes o r  l e s s .  They found these s i n g u l a r  events  t o  be con- 

nected w i t h  v i s u a l  aurora.  They concluded from t h e i r  

s ingu la r ' '  events ,  
I I  

11 
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in \ res t iga t ie f i  that  t h e  a b s o r b i n g  region had dimensions g r e a t e r  

than  the p a t t e r n  of t h e  broad-beam antenna (200 k i lometers  by 90 

ki lometers )  and that absorbing regions on the o rde r  of 5-50 

k i lometers  were not  present .  

Gustafsson (1962, 1963) has s tud ied  t h e  a u r o r a l l y  a s soc ia t ed  

events  cha rac t e r i zed  by a r ap id  inc rease  i n  abso rp t ion  (Type F). 

H e  has r e l a t e d  t h e s e  'breakup'  events t o  d i s tu rbances  of t h e  

magnetic f i e l d  and changes i n  au ro ra l  luminos i tyu  

phys ica l  i n fe rences  concerning the D-region based on s i n g l e  f r e -  

quency absorp t ion  data cannot be considered as unambiguous. 

However, 

Ansari  (1963) made a d e t a i l e d  s tudy of cosmic noise  absorp- 

t i o n  and i t s  r e l a t i o n  t o  luminous aurora .  Pre-breakup and pos t -  

breakup event s were inves t iga t ed  u t i l i z i n g  a narrow-beam antenna 

array switchable t o  the  north and south of t h e  zeni th .  H e  found 

that  t h e  r a t i o  of a33orpt ion t o  the luminosi ty  before  breakup 

changed dramat ica l ly  i n  favor  of r e l a t i v e l y  more absorpt ion.  

Ziauddin (1960 , 1961) showed the  r e l a t i o n  between a p u l s a t i n g  
I 

I 

I 

abso rp t ion  event a t  Sask-cDon (Saskntchewm) and coincident  

v a r i a t i o n s  i n  H-coqonent of t h e  e a r t h ' s  f i e l d ,  H e  found that 

the  p u l s a t i o n s  were sometimes i n  phase and a t  o t h e r  t imes 180" 

out  of phzse, 

between absorp t ion  bays e:?d magnetic bays, f i n d i n g  among other 

r e s u l t s ,  e time lag between t h e  two events .  

Ziauddin (1961) has also i n v e s t i g a t e d  the  r e l a t i o n  

Par thasara thy  and Hess le r  (1964) have a l s o  examined some 

samples of co-var ia t ion  of absorpt ion p u l s a t i o n s  and e a r t h  cur -  

r e n t  records.  

emission had t h e  same pe r iod ic i ty ,  

They a l s o  found t h a t  t he  i n t e n s i t y  of 5577 A 

5 



CHAPTER I1 

OBSERVATIONAL RESULTS 

2.1 In t roduc t ion  

The  data used i n  t h i s  work was ga thered  a t  For t  Yukon, 

College, Healy, and Kotzebue, Alaska. Three months of data 

from Macquarie I s l a n d  i n  t h e  South P a c i f i c ,  whose conjugate  

region l i e s  near  Kotzebue, was a l s o  used. A s  dep ic ted  i n  Fig. 2, 

Fo r t  Yukon, College, and Healy l i e  nea r ly  on t h e  same geomagnetic 

meridian,  while Kotzebue l i e s  t o  t h e  west of t h i s  meridian.  

(See Table 1 f o r  t h e  geographic andgeomagnetic coord ina tes  of 

t hese  s t a t i o n s . )  Fig. 2 a l s o  represents  t h e  p r o j e c t i o n s  on t h e  

earth of the  i n t e r s e c t i o n s  of t h e  antenna p a t t e r n s  a t  the h a l f -  

power p o i n t s  w i t h  a h o r i z o n t a l  plane a t  a he ight  of 100 km. Thus 

they  r ep resen t  the approximate a rea  from which cosmic noise  was 

rece ived  a t  each s t a t i o n .  

The data used are continuous from 1961 f o r  College and F o r t  

Yukon, and from 1962 f o r  Kotzebue. The Healy data were 

available from June 1962 through February 1963. 

I s l a n d  data f o r  January, February and March 1.962 were used. 

Macquarie 

The cosmic noise  r ece ive r s  operated a t  27.6 megacycles f o r  

a l l  s t a t i o n s  except Kotzebue which received a t  30.0 mc/s. 

V e r t i c a l l y  d i r e c t e d ,  t h r e e  element Yagi antennas,  w i t h  half-power 

beam wid ths  of about 60 by 120 degrees i n  the E and H p l anes  

were used. 

6 



Fig.  2 The l o c a t i o n  of  t h e  Alaskan s t a t i o n s  and t h e  p o i n t  
con juga te  t o  lvlacquarie I s l a n d  ( a s  c a l c u l a t e d  by C. G .  L i t t l e ) .  
Recent s t u d i e s  by Wescott (i964) i n d i c a t e  t h a t  t h e  IVIacquarie 
con juga te  p o i n t  nay l i e  c l o s e r  t o  Kotzebue t h a n  i n d i c a t e d  llere. 
The e l l i p s e s  r e p r e s e n t  t h e  p r o j e c t i o n s  on t h e  e a r t h  of t h e  
i n t e r s e c t i o n s  o f  t h e  antenna p a t t e r n s  a t  t h e  half-power 
p o i n t s  w i t h  a h o r i z o n t a l  plane a t  a h e i g h t  of 100  km. Thus 
t h e y  r e p r e s e n t  t h e  approximate area from which t h e  cosmic n o i s e  
was r e c e i v e d  a t  each s t a t i o n .  



TABLE 1 

GEOGRAPHIC GEOMAGNETIC 

L a t i t u d e  Longitude L a t i t u d e  Longitude 

FORT YUKON 66" 34" 145' 1 8 ' W  66.69"N 257.05"E 

COLLEGE 64" 52" 147" 49'W 64.65"N 256.56"E 

HEALY 63" 51" 148" 58Iw 6 3 . 5 6 " ~  256.40"E 

KOTZEBUE 66" 52" 162' 30lw 63.65"N 242.04"E 

MACQUARIE 54" 30's 158" 57'E 61.1"s 243. I 'E 

MACQUARIE - 6 7 . 1 2 " ~  1 6 7 . 7 5 " ~ ~  

CON JUGATE 67.35"N 164.17"W2 

1 as ca lcu la ted  by Jensen and Whltaker 

* as ca lcu la ted  by Jensen and Cain 

[see Wescott (1964)] 
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2.2 Type F Absmption Evei i ts  

For each Type F event,  two measurements of absorp t ion  have 

been made. The f irst  value, designated Ft, r ep resen t s  the usua l  

measurement of absorpt ion,  that i s ,  from t h e  quiet-day curve t o  

the po in t  of maximum absorption. The o t h e r  value, Ff, i s  t h e  

magnitude of t he  sudden increase i n  absorp t ion  measured f r o m  t h e  

pre-dis turbance level.  T h i s  l a t t e r  value has been used most 

ex tens ive ly  i n  t h i s  study since i t  was thought t o  b e  an  equa l ly  

meaningful parameter, and f r e e  from the  u n c e r t a i n t i e s  i n  t h e  

quie t  -day curve. 

The seasonal  v a r i a t i o n  of more than  1200 Type F events  w a s  

i n v e s t i g a t e d  and i s  shown i n  Fig. 3 .  No cons i s t en t  p a t t e r n  

emerges but  i t  does seem as though a maximum occurs around t h e  

autumn equinox. A t  For t  Yukon t h e  minimum tends  t o  occur before  

t h e  spr ing  equinox. College d isp lays  t h e  same p a t t e r n  as For t  

Yukon f o r  1962 but has no p a t t e r n  f o r  1961 o r  1963. 

shows a maximum during the autumn equinox but  gaps i n  the data 

Kotzebue 

make t h e  p a t t e r n  uncer ta in .  There was i n s u f f i c i e n t  data a t  

Healy t o  form a seasonal var ia t ion .  
I 

Dai ly  v a r i a t i o n s  f o r  each s t a t i o n  a r e  shown i n  Fig; 4. I 
I 

A t  Fo r t  Yukon and College, t h e  absorp t ion  events  are centered 

around l o c a l  midnight. The maximum occurs j u s t  before  midnight 

I a t  F o r t  Yukon and j u s t  afterward a t  College. Healy shows no 

1 

I 

1 
I 

definite p a t t e r n  a t  a l l .  F o r  l o c a l  t i m e  a t  Kotzebue the  t i m e  

s c a l e  must be shif ted one hour t o  the r i g h t .  The Kotzebue 

maximum then  occurs j u s t  before l o c a l  midnight. P l o t t i n g  a l l  

s t a t i o n s  i n  150 west meridian t i m e ,  t h e  maximum occurs one hour 

9 
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a f t e r  midnight and a d e f i n i t e  minima appears near  1900 hoar-s. 

Al te rna te ly ,  t h e  maximum may be i n t e r p r e t e d  as occurr ing a t  

magnetic midnight. It may be of i n t e r e s t  t o  note  he re  tha t  the  

favored time f o r  the  occurrence of nega t ive  magnetic bays i s  

known t o  be around the magnetic midnight, f o r  a l l  high l a t i t u d e  

s t a t i o n s  [See, e.g. Zelwer (1963)] . 
It may be o f  i n t e r e s t  t o  compare t h e  d a i l y  v a r i a t i o n  found 

here  w i t h  t h e  percentage of hourly occurrence of v i s u a l  aurora  

centered  over College found by Davis  (1962) . The connection 

between the Type F events  and the ins tan taneous  f e a t u r e s  of 

v i s u a l  aurora  w i l l  be inves t iga ted  i n  Chapter IV. 

The amplitude d i s t r i b u t i o n  o f  Type Ff i s  shown i n  Fig. 5. 

The maximum number of events  a t  For t  Yukon and College occurred 

between an amplitude of 1.0 and 1.5 d e c i b e l s  while t h e  maximum 

a t  Kotzebue and Healy i s  between 1.5 and 2.0 db. It should be 

noted t h a t  the Kotzebue da ta  has not been co r rec t ed  f o r  t h e  

higher frequency of operation; t he  data should be mul t ip l i ed  by 

1.18 t o  o b t a i n  t h e  corresponding 27.6 mc/s data. 

The amplitude d i s t r i b u t i o n  measured from t h e  quie t  -day 

curve i s  represented  i n  Fig. 6. Again, when the  absorp t ion  

values  a t  Kotzebue a r e  increased by 1.18, t h e  s t a t i o n  i s  found 

to show a maximum of occurrence a t  a h ighe r  absorp t ion  l e v e l  

than  College o r  For t  Yukon. 

I n  a crude sense, absorption may be thought of as propor- 

t i o n a l  t o  the square root  of the p a r t i c l e  f l u x .  The most  

favored magnitudes can then  be thought of as represent ing  a 

c e r t a i n  most favored p a r t i c l e  f lux,  which i s  a h ighe r  value f o r  

Kotzebue . 
12 
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e v e n t s ,  This graph r e p r e s e n t s  t h e  magnitude of t h e  
sudden i n c r e a s e  i n  absorp t ion  measured from t h e  pre-  
d i s t u r b a n c e  l e v e l .  Note t h a t  e v e n t s  of  magnitude <0.5 db 
were d e t e c t a b l e ,  b u t  i n f r e q u e n t l y  observed. 

The ampli tude d i s t r i b u t i o n  of Type Ff a b s o r p t i o n  
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The m p l i t u d e  d i s t r i b u t i o n  of T J y e  F even t s  f o r  which the 

i n i t l a l ( i , e , ,  p re - f l a sh )  absorpt ion was l e s s  than  0.6 db ( t o  be 

designated Q-F) i s  shown i n  Fig.  7. T h i s  d i s t r i b u t i o n  matches 

the ones obtained using a l l  t h e  data (Fig. 5 ) .  However, t h e  

occurrence of Type QJ? events  varied from s t a t i o n  t o  s t a t i o n .  The 

f r a c t i o n  r a t i o s  of Type &F t o  Type F f o r  each s t a t i o n  are 

t a b u l a t e d  i n  Table 2. A l a t i t u d e  dependence can be i n f e r r e d  from 

t h i s  r e s u l t  as t h e  r a t i o  decreases  toward the  equator.  T h i s  i s  

not incompatible w i t h  t h e  more frequent  occurrence of a u r o r a l  

forms no r th  of College [see, e.g. D a v i s  (1962) . 

i n  t h e  manner of e.g. Brown (1964), who has considered the same 

type of events.  Such an ana lys i s  ha6 o f t e n  l e d ,  i n  the p a s t ,  

t o  quest ionable  conclusions.  For  vigourous p r e s e n t a t i o n s  of t h e  

3 
The data was not  divided i n t o  day and n igh t  d i s t r i b u t i o n s  

arguments supporting the several  conclusions t h a t  can be drawn, 

re ference  may be made t o  Reid e t  a l .  and Hu l tqu i s t  (1964). We 

only p o i n t  out that radio-wave absorp t ion  i s  dependent upon 

three f a c t o r s :  (a) t h e  p a r t i c l e  f l u x  above a c e r t a i n  energy 

leve l ,  ( b )  t he  shape of the energy spectrum above t h i s  c e r t a i n  

energy, and, ( c )  t h e  e f f e c t i v e  recombination c o e f f i c i e n t  which 

varies w i t h  he ight  and s o l a r  i l luminat ion.  I n  the l i g h t  of t h e  

p re sen t  knowledge of f a c t o r s  (a) and ( b ) ,  i t  seems r a t h e r  

a r b i t r a r y  t o  a t t r i b u t e  changes o f  the  absorp t ion  l e v e l  s o l e l y  t o  

f a c t o r  ( c ) .  

m u l t i p l e  frequency cosmic-noise data, have e l imina ted  f a c t o r  (a) 

and i n f e r r e d  tha t  e i t h e r  t h e  energy spectrum i s  harder during t h e  

Lerfald,  L i t t l e  and Par thasara thy  (1.964)~ us ing  
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TABLE 2 

TYP e 

F s 

FOm YUKON 0.91 0.03 

COLLEGE 0.85 0.09 

KOTZEBUE 0.81 0.18 

HEALY 0.66 0.22 

MACQUARIE 0.41 0.55 

Percentage of occurrence o f  t h e  

P 

0.06 

0.05 

0.01 

0.12 

0.04 

No. of 
events  &F/F 

504 0.47 

697 0.16 

194 0.22 

128 0.12 

d i f f e r e n t  types  of 

events .  The last  column represents  t h e  percentage 

of Type F events  which developed from quie t  condi t ions.  
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Gay o r  t ha t  t h e  day-night d i f f e rence  can, i n  f a c t ,  be a t t r i b u t e d  

t o  t h e  change i n  t h e  recombination c o e f f i c i e n t s ,  if equal f l u x e s  

were considered,  

2.3 Type S Absorption Events 

The smoothly varying absorpt ion bays, Type S, occurred w i t h  

less frequency than t h e  Type F events, 

Type S events  were r e l a t i v e l y  common at  Kotzebue and Healy, but 

uncommon a t  For t  Yukon. 

f avor  t he  l o v e r  l a t i t u d e  s t a t ions ;  however, a southern boundary 

cannot be determined from t h i s  study. 

are shown i n  Fig,  8, 

A s  seen from Table 2, 

T h i s  suggests t ha t  t h e  Type S events  

Typical  absorp t ion  bays 

A l l  available data from each s t a t i o n  were combined t o  make 

t h e  seasonal  v a r i a t i o n s  w i t h  t h e  j u s t i f i c a t i o n  that  t h e  data 

were c o l l e c t e d  during years  o f  s i m i l a r  sunspot condi t ions ,  i.e*,, 
sunspot minimum. The seasonal v a r i a t i o n  depic ted  i n  Fig,  9 

i n d i c a t e s  t h a t  no seasonal t rend e x i s t s  for any s t a t i o n .  

no p e r s i s t e n t  p a t t e r n  is outstanding between any p a i r  of 

s t a t i o n s ,  

Also,  

The d a i l y  va r i a t ion ,  derived by p l o t t i n g  t h e  t i m e  of maxi- 

mum abso rp t ion  f o r  each event, i s  shown i n  Fig. 10. 

dominate f e a t u r e  of these  va r i a t ions  i s  a maxima nea r  0400 hours  

l o c a l  t i m e  f o r  a l l  s t a t i o n s  but For t  Yukon. 

occurred near  1900 l o c a l  time at  College, p r imar i ly  during t h e  

summer months. 

The pre-  

A secondary maxima 

The work of Ziauddin (1961) ( s e e  s e c t i o n  3.1) supports t h i s  

r e s u l t  as he found a tendency f o r  absorp t ion  bays t o  occur during 

the predawn hours. 
10 
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The p c s s i b i l i t y  of pho tede tachen t  during predawn h c u ~ s  

p lay ing  any r o l e  i n  t h e  occurrence d i s t r i b u t i o n  was e a s i l y  

r u l e d  out  by r e fe rence  t o  t h e  sunrise  t a b l e s .  

The amplitude d i s t r i b u t i o n  f o r  t h e  Type S events  (Fig.  11) 

i s  similar t o  that  found f o r  Type F events  i n  t ha t  t h e  Healy and 

Kotzebue d i s t r i b u t i o n s  are 0.5 db greater t h a n  those f o r  College 

and F o r t  Yukon. For a l l  s t a t i o n s ,  t h e  maximum amplitude i s  

approximately 0.5 db higher than that  f o r  Type F events .  

should be mentioned that as t h e  s e l e c t i o n  c r i t e r i a  f o r  Type S 

events  was a l ack  of preceding o f  succeeding abso rp t ion  a c t i v i t y ,  

a l l  even t s  developed c u t  of e s s e n t i a l l y  quiet-day condi t ions.  

Therefore,  t h e  absorp t ion  as measured from the pre-onset  l e v e l  

d i f fe red  only t o  a n e g l i g i b l e  extent  from t h a t  measured w i t h  

r e spec t  t o  the  quiet-day curve, 

It 

It I t  

2.4 Type P Absorption Events 

The p u l s a t i n g  abso rp t ion  events were found t o  be  t h e  l e a s t  

f requent  of the events  s tud ied  i n  t h i s  i n v e s t i g a t i o n .  k t  l e a s t  

a p a r t  of  t h e  inf requent  occurrence of t h e s e  events  i s  f e l t  t o  be 

due t o  t h e  s e l e c t i v e n e s s  w i t h  which t h e  events  were ex t r ac t ed  

from t h e  abso rp t ion  records.  Var ia t ions  which may be  i n t e r p r e t e d  

as p u l s a t i o n s  occur very o f t e n  on a u r o r a l  abso rp t ion  records.  

However, the  i n s t a n c e s  f o r  which t he  p u l s a t i o n s  show a very 

d e f i n i t e  p e r i o d i c  s t r u c t u r e  a r e  very uncommon and i t  i s  those  

i n s t a n c e s  which have been chosen f o r  study. Fig.  1 2  i l l u s t r a t e s  

such a Type P event.  
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Fig .  1 2  
a b s o r p t i o n  a t  27.6 Mc/s a t  College ( t o p )  and Healy (middle)  and 
t h e  e a r t h  c u r r e n t  r e c o r d  from College (bot tom).  The p e r i o d  = 2.5 
minutes  ( a f t e r  P a r t h a s a r a t h y  and Hessler, 1 9 6 4 ) .  

An example of s u s t a i n e d ,  p e r i o d i c  v a r i a t i o n  of radio-wave 



The seasena l  va r i a t ions ,  shown i n  Fig. 13, do not show a 

t r e n d  a t  any one s t a t i o n  o r  between any p a i r  of s t a t i o n s .  Per- 

haps the  only  outs tanding f ea tu re  i s  a summer minimum. 

The d a i l y  v a r i a t i o n  shown i n  Fig. 14 r e p r e s e n t s  the number 

of half hour pe r iods  during which p u l s a t i n g  absorp t ion  was 

observed, Most of t h e  pulsa t ing  events  were observed f o r  more 

than  30 minutes. 

The d a i l y  v a r i a t i o n  a t  Fort Yukon has a broad maximum i n  

t h e  e a r l y  morning hours  following midnight, while t h e  maximum 

a t  College i s  centered around 0600 l o c a l  t i m e .  A secondary 

maxima occurs  i n  the  e a r l y  af ternoon hours. A t  Healy, the  

morning maxima i s  centered  about 0700 l o c a l  t i m e .  It i s  a l s o  of 

i n t e r e s t  t o  note  that  during every one of t h e  events  noted, t h e r e  

was no d i f f e r e n c e  i n  the periods between Healy and For t  Yukon, 

s i t u a t e d  a t  d i f f e r e n t  l a t i t u d e s ,  Simultaneous data covering a 

l a r g e r  range of l a t i t u d e s  may help t o  confirm tha t  the per iod  i s  

independent of t h e  l a t i t u d e ,  unl ike the case of the hydromagnetic 

o s c i l l a t i o n ,  whose per iod  increases  polewards. 

The amplitude d i s t r i b u t i o n  (Fig. 15) w a s  der ived by 

measuring t h e  maximum amplitude of each p u l s a t i n g  event.  The 

r e s u l t i n g  d i s t r i b u t i o n  seems t o  match the d i s t r i b u t i o n  found f o r  

Type F events  although t h e  amount of data i s  much smaller. 

I n  determining t h e  per iod of the  p u l s a t i n g  events ,  i t  was 

The range of found that no s i n g l e  prei 'erred per iod was found. 

p e r i o d s  extended from two  minutes t o  1 2  minutes. No p u l s a t i o n s  

of pe r iods  less  than  two minutes were observed, a l though such 

p u l s a t i o n s  are wi th in  t h e  de t ec t ab le  range of the cosmic no i se  

recorders .  The average per iod  was found t o  be about 340 seconds. 
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The ampli tude d i s t r i b u i o n  of Type P a b s o r p t i o n  
This  graph r e p r e s e n t s  t h e  ampl i tude  of t h e  



CHAPTER I11 

C O R R E L A T I O N  OF A B S O R P T I O N  AND MAGNETIC D I S T U R B A N C E  

3.1 In t roduc t ion  

Wells (1947), us ing  v e r t i c a l  incidence ionosonde data, 

i n v e s t i g a t e d  t h e  r e l a t i o n s h i p  between radio-wave abso rp t ion  and 

magnetic dis turbance.  

nega t ive  bay d is turbances  of t h e  H-component. I n  add i t ion ,  he 

He found that  abso rp t ion  accompanied 

determined that areas separated by as much as 500 miles  were 

a f f e c t e d  by the same bay disturbance. 

ivieek (1953) a t  Saskatoon, found tne same reiation between 

the abso rp t ion  r e g i s t e r e d  on the ionosonde data and negat ive  bay 

d i s tu rbances  of t h e  H-component. 

i n c r e a s e s  i n  a u r o r a l  i n t e n s i t y  with t h e  rapid changes of t h e  

H-component occurr ing a t  t h e  time of onset  of a bay dis turbance.  

He a l s o  r e l a t e d  sudden 

L i t t l e  and Leinbach (1958) us ing  cosmic no i se  absorp t ion  

records ,  were a b l e  t o  show t h a t  a high degree of c o r r e l a t i o n  

e x i s t e d  between the College K-indices and t h e  peak absorp t ion  

r e g i s t e r e d  during the t i m e  i n t e r v a l s  over which t h e  K-index was 

obtained . 
Ziauddin (1961) i n  h i s  study of a u r o r a l  absorp t ion  has 

examined the r e l a t i o n  o fabso rp t ion  bays t o  magnetic a c t i v i t y .  

The r e s u l t s  of  h i s  study i n d i c a t e  that: (a)  absorp t ion  bays 

and magnetic bays are not i nva r i ab ly  a s soc ia t ed ;  ( b )  absorp t ion  

bays occur  i n  the las t  phases o f  the d i s tu rbed  pe r iod  o f  t h e  

n ight ;  ( c )  the onset  of magnet ic  bays always precedes that  of 

abso rp t ion  bays and; (d )  t h e  i n t e n s i t y  of absorp t ion  bays and 

magnetic bays a r e  not  r e l a t e d  i n  any s imple manner. 
29 



3 . 2  Type F Events 

I n  order  t o  a s c e r t a i n  whether a more exact  r e l a t i o n  between 

Type F absorp t ion  events  and magnetic d i s turbance  could be 

e s t a b l i s h e d ,  the  H-component of t h e  College magnetograms was 

examined near  t h e  time that a Type F event occurred. 

events  t h e  rapid-run magnetograms were u t i l i z e d  t o  a l l o w  f o r  

adequate time r e so lu t ion .  

the H-c5mponent was sca led  and the value p l o t t e d  a g a i n s t  t h e  

corresponding change o f  absorpt ion (Type F f )  . 
between the  two parameters i s  very poor  as  can be determined 

from the  s c a t t e r  of p o i n t s  i n  Fig. 16. 

rapid-run magnetogram records were o f t e n  d i f f i c u l t  t o  i n t e r p r e t  

due t o  t h e  numerous changes of t h e  t r a c e .  

c a r e f u l  i n  a t t r i b u t i n g  the  pos i t i ve  changes of the H-component 

t o  sudden commencement phenomena. 

For t h e s e  

The p o s i t i v e  o r  nega t ive  change of 

The c o r r e l a t i o n  

It was found t h a t  t he  

Hence, one must be 

The l ack  o f  c o r r e l a t i o n  found h e r e  ag rees  wi th  the  r e s u l t s  

of Fedyakina (1963) who was unable t o  f i n d  any c o r r e l a t i o n  

between 20 minute averages of absorp t ion  and an hour ly  magnetic 

index. 

S absorp t ion  bays. 

a g a i n s t  magnetic i n t e n s i t y  shows l i t t l e  o r  no c o r r e l a t i o n .  

has been suggested f o r  f u r t h e r  s tudy that  the change i n  the t o t a l  

f i e l d  should be compared w i t h  the change i n  absorpt ion.  

The same r e s u l t  was obtained by Ziauddin (1961) f o r  Type 

H i s  s c a t t e r  p l o t  of absorp t ion  i n t e n s i t y  

It 

The preceding study has shown that  t h e  change of t h e  H-  

component a s soc ia t ed  wi th  t h e  Type F event w a s  i t s e l f  i n v a r i a b l y  

a s s o c i a t e d  w i t h  a negat ive bay dis turbance.  

connection, the d a i l y  d i s t r i b u t i o n  of Type F events  may be 

I n  view of the c l o s e  
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compared w i t h  t h e  l o c a l  time d i s t r i b u t i o n  of occurrence frequency 

of broad negat ive  bays as found by Oguti (1963) f o r  p o l a r  

magnetic d i s turbances ,  H e  found a maximum frequency of 

occurrence fol lowing l o c a l  midnight.  Addi t ional  support i s  

found i n  t h e  work by Romana and Cardus' (1962) who have d e t e r -  

mined that the probable time of maximum occurrence f o r  nega t ive  

bays i n  t h e  a u r o r a l  zone i s  24.1 hours  l o c a l  t i m e .  I n  a d d i t i o n ,  

n e i t h e r  v a r i a t i o n  shows any secondary maximum, It should be 

noted tha t  the d i u r n a l  va r i a t ion  of the mean magnetic K-index 

f o r  College i n  1954 as determined by L i t t l e  and Leinbach (1958) 

has a similar shape. 

The converse p ropos i t i on  of whether every negat ive  bay i s  

connected w i t h  a Type F event was not i n v e s t i g a t e d  i n  detai l ;  

however, cases  are known where negat ive bays d i d  not have a 

corresponding Type F event. 

The i n s e n s i t i v e  o r  storm-time t r a c e  o f  t h e  magnetic 

d i s turbance  accompanying t h e  Type F event of Fig,  1 i s  shown i n  

Fig. 17. 

3 . 3  Type S Events 

Type S events  were a l s o  found t o  accompany bay d is turbances .  

The e a r l y  morning events  accompanied negat ive bay d is turbances  

while those  occurr ing before  2300 l o c a l  time accompanied p o s i t i v e  

bays, O f  the  events  s tudied,  l e s s  than  10% were found t o  be 

accompanied by no magnetic a c t i v i t y  a t  a l l .  The percentage was 

somewhat h ighe r  a t  Kotzebue, but t ha t  s t a t i o n  l i e s  near  t h e  

boundary of the region predicted by Wells t o  be a f f e c t e d  by l o c a l  

magnetic dis turbance.  The d a i l y  v a r i a t i o n  of t h e s e  events  does 
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not  seem t o  matcn that found f o r  bay d is turbances  except f o r  t n e  

secondary maxima i n  t h e  e a r l y  evening hours. These events  seem 

t o  occur a t  about t he  t i m e  o f  maximum occurrence of p o s i t i v e  bays 

which var ious  au tho r s  have placed between 16 and 21 hours  l o c a l  

t i m e  . 
3.4 Type P Events 

A s  mentioned previously,  Ziauddin (1960, 1961) and Anger 

e t  a1 . (1963) have found coincident  v a r i a t i o n  occurr ing between 

t h e  H-component and absorp t ion  records.  For  a number of the 

events  considered here,  pulsat ims were observed s ixxl taneeus ly  

on e i ther  the H o r  D component t r a c e s  of the  magnetograms. How- 

ever, t he  magnetogram va r i a t ions  were o f t e n  found t o  be out of 

phase arid in cases d i d  not acconipaiiy absorptiofi  p i i l S a t i G f i s  

a t  a l l .  Regular pu l sa t ions  a r e  a common f e a t u r e  of h i g h - l a t i t u d e  

magnetograms, whereas absorpt ion p u l s a t i o n s  are very inf requent .  

Hence, the  r e l a t i o n s h i p  between geomagnetic and absorp t ion  pu l sa -  

t i o n s  i s  unclear .  

However, a comparison of the f e a t u r e s  of geomagnetic pu lsa-  

t i o n s  w i t h  per iods  of the  same order  as those  found f o r  absorp- 

t i o n  p u l s a t i o n s  i n d i c a t e s  t h a t  some c o r r e l a t i o n  may be poss ib le .  

Kat0 and S a i t o  (1962) have divided geomagnetic p u l s a t i o n s  i n t o  

t h r e e  types  (dependent upon per iod)  and i n v e s t i g a t e d  each type. 

The two types of i n t e r e s t  i n  t h i s  s tudy a r e  Type I1 of per iod  

50-150 seconds and Type I11 of period 150-900 seconds. Not 

enough Type P absorp t ion  pu l sa t ions  were observed t o  warrant such 

a c l a s s i f i c a t i o n .  

most f r e q u e n t l y  i n  the afternoon and e a r l y  morning hours. 

The geomagnetic p u l s a t i o n s  of Type I11 occur 

A 
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noontime maxima i s  found f o r  t h e  pulsations of shorter period 

(Type 11). Pulsa t ing  absorpt ion events  occurred most f r e q u e n t l y  

i n  t h e  e a r l y  morning hours and had a secondary maxima near  noon. 

Fu r the r  study of Type P events  u t i l i z i n g  more d a t a  and perhaps 

l e s s  s t r i n g e n t  s e l e c t i o n  cr i ter ia  w i l l  be  of  value i n  i n v e s t i -  

g a t i n g  t h i s  r e l a t i o n s h i p  f u r t h e r ,  
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CHA,pTER I V  

RADIO-WAVE ABSORPTION AND VISIBLE AURORA 

4.1 In t roduc t ion  

The problem of  r e l a t i n g  radio-wave absorp t ion  from narrow 

beam antennas w i t h  v i s u a l  aurora l  forms has rece ived  cons iderable  

a t t e n t i o n  a t  College by Ansari, Leinbach and Parthasarathy.  

de ta i l s  may be seen i n  Ansari (1963) who examined t h e  r e l a t i o n  

between luminous a u r o r a l  forms and the  var ious  phases of 

a u r o r a l l y  a s soc ia t ed  absorpt ion that are d i s t i n g u i s h a b l e  during 

an abso rp t ion  event. Per t inent  e s p e c i a l l y  t o  t h i s  study was h i s  

d e t a i l e d  examination of sudden abso rp t ion  i n c r e a s e s  (Type F) and 

the corresponding a l l - s k y  camera and photometric data. He found 

t h a t  the Type F events  could be c lass i f ied  i n t o  uniform non- 

uniform, or l o c a l i z e d  events  and tha t  study of the l o c a l i z e d  

events  y i e lded  the b e s t  information concerning the r e l a t i o n  of 

abso rp t ion  t o  luminous aurora. He was a b l e  t o  conclude tha t  

s t rong  abso rp t ion  was l i m i t e d  t o  the reg ions  o f  b r i g h t  and a c t i v e  

a u r o r a l  d i s p l a y s  during t h e  breakup phase, but  that  t h e  r e l a t i o n -  

sh ip  became more complex following t h i s  per iod.  The s t a t i s t i c a l  

v a l i d i t y  of t h e s e  in fe rences  (e.g. through the  use  of s c a t t e r  

diagrams) could not be es tab l i shed  due t o  the u n c e r t a i n t i e s  i n  

the  amount of no i se  power enter ing through the  s i d e  lobes  of  the 

antennas . 

The 

The College a l l - s k y  camera data were examined i n  conjunc- 

t i o n  w i t h  t he  three types of events under cons idera t ion  i n  t h i s  

study. Since the 100 kilometer reginn above each f i e l d  s i t e  can 



be seen by the College a l l - s k y  camera, absorp t ion  events  

occurr ing a t  each s t a t i o n  were compared wi th  t h e  all-sky f i l m .  

Fig.  18 i s  u s e f u l  i n  i n t e r p r e t i n g  the a l l - s k y  camera 

data. The geometric f i g u r e s  represent  the p r o j e c t i o n  of the 

antenna p a t t e r n s  a t  the half-power p o i n t s  a t  the 110 k i lometer  

l e v e l  above each f i e l d  s i t e  onto the f i e l d  o f  view of the 

College a l l - s k y  camera f i l m .  The c r o s s  marks on the nor th-  

south and e a s t  -west axes (geomagnetic) represent  t h e  p o s i t i o n s  

of the i n d i c a t i n g  lamps as seen on t h e  f i l m ,  A s c a l e  i n d i c a t i n g  

the angular  d i s t ance  from t h e  zenith i s  included f o r  referewe. 

I n  view of t h e  d e t a i l e d  study of Ansari (1963), which 

incorpora ted  many of t h e  spec i f i c  events  (Type F)  s tud ied  

here ,  t h e  discussion c?f t h e  relatier: of Tf.I~rn +Jre  F events t o  +h vrLe 

v i s i b l e  aurora  w i l l  be  kept t o  a minimum. 

4.2 

4.2.1 

Type F events  and t h e i r  r e l a t i o n  t o  luminous aurora  

Discupsion of t h e  breakup event of January 26, 1962 

The a s s o c i a t i o n  between a t y p i c a l  Type F absorp t ion  event 

and a x r o r a l  a c t i v i t y  i s  depicted i n  pig. 19. 

hours l o c a l  t i m e  (no te  that  a l l  times w i l l  be  given i n  150 WMT), 

two qu ie t  a r c s  were seen, one about 30" south of t he  College 

zen i th  and another  c lose  t o  t h e  nor thern  horizon. 

a r c  south of t h e  zen i th  moved r ap id ly  i n t o  t h e  zen i th  and 

increased  seve ra l - fo ld  i n  i n t ens i ty .  

2337 t o  2340, the a r c  appeared t o  move northward, f i l l i n g  t h e  

sky no r th  of t h e  zen i th  wi th  moving forms. 

appeared m a  1- the uoiWie1m lln1.j zon  appi-oxi matel y above 

P r i o r  to 2335 

A t  2336,  the 

During the per iod f r o m  

A f t e r  2340, an  a r c  
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Fig.  1 8  The geometr ic  f i g u r e s  r e p r e s e n t  t h e  p r o j e c t i o n  of t h e  an tenna  
p a t t e r n s  a t  t h e  half-power p o i n t s  a t  t h e  110  km l e v e l  above each  f i e l d  
s i t e  o n t o  t h e  f i e l d  of view of t h e  Col lege  a l l - s k y  camera. The c r o s s -  
marks  on t h e  no r th - sou th  and eas t -wes t  (geomagnet ic )  axes  l o c a t e  t h e  
p o s i t i o n s  of t h e  i n d i c a t i n g  lamps, as s e e n  on t h e  f i l m .  A scale deno t ing  
a n g u l a r  d i s t a n c e  from t h e  z e n i t h  i s  inc luded  f o r  r e f e r e n c e .  
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For t  Yukon and d i f f u s e  a u r o r a l  forms were seen covering the 

remainder o f  t h e  sky. Motion and i n t e n s i t y  changes were noted 

i n  t h i s  a r c  f o r  t h e  next hour. 

Before 2335 and during t h e  per iod  when t h e  qu ie t  a r c  was 

seen, t h e  absorp t ion  a t  College r e g i s t e r e d  approximately 0.5 db. 

A t  the  time of breakup, when the  r ap id  northward motion and 

inc rease  i n  i n t e n s i t y  was observed, t h e  absorp t ion  increased  

1.7 db. Recovery t o  nea r ly  pre-disturbance condi t ions  followed 

t h e  breakup, a f t e r  which time no d i s t i n c t  a u r o r a l  forms were 

observed wi th in  the antenna pa t t e rn .  

A t  For t  Yukon, the sudden inc rease  of absorp t ion  a s soc ia t ed  

w i t h  t h e  breakup was not  observed u n t i l  2337 a t  which time 

t h e  a c t i v e  a u r c r a l  ferns had mved intc t h e  regicr, befzg 

monitored by the  cosmic no i se  rece iver .  Recovery was not 

complete due perhaps t o  t h e  ac t ive  a r c  which remained approxi- 

mately over For t  Yukon. 

Only a small amount of absorpt ion was registered a t  

Kotzebue, perhaps due t o  the  absence of a c t i v e  a u r o r a l  forms 

wi th in  t h e  antenna p a t t e r n .  The absorbing region accompanying 

t h e  a c t i v e  a r c  may have moved from t h i s  region due t o  t h e  rap id  

poleward expansion of the a r c .  

Eased on many examples such a s  t h a t  shown i n  Fig. 19, 

marked br ighten ing  of t h e  v isua l  a u r o r a l  form and the sudden 

i n c r e a s e  i n  cosmic noise  absorpt ion seem t o  be inseparably  

connected. It is ,  however, not necessary that  the a c t u a l  

absorhiiig r*eg-ion be r-orif II tied t.0 4 3 ~  aliz*oi*al a1 t . 4  tudes of s l l 0  
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t o  120 km. 

much l i g h t  on the l o c a t i o n  o f  the main absorbing reg ion  ( see  

Chapter 6 )  . 

Single  f reqmnzy absorptior, data dnes not, throw 

4.2.2 La t i tude  d i s t r i b u t i o n  of Type F events  

The l a t i t u d e  d i s t r i b u t i o n  o f  Type F events  may be  con- 

s i s t e n t  w i t h  Akasofu's (1964) model of t h e  a u r o r a l  substorm. 

During the expansive phase, stage I1 (T = 5-10 minutes) he has 

found tha t  the b r igh ten ing  o f  an a r c  i s  followed by i t s  rap id  

poleward motion, thus g iv ing  rise t o  a bulge around the midnight 

!nericlian. Therefore ,  depending on t h e  i n i t i a l  p o s i t i o n  of an  

a r c ,  t h e  abso rp t ion  inc rease  corresponding t o  the sudden 

i n c r e a s e  i n  b r i g h t n e s s  may be seen a t  say, College and then  For t  

Ydkon, but not at Eealy, If during the sunspot minimum the 

equatorward l i m i t  of a u r o r a l  arcs w a s  normally near  College, 

then  College and s t a t i o n s  t o  the no r th  of College should observe 

more Type F events  t h a n  s t a t i o n s  south of College. Such was t h e  

case dur ing  t h i s  study. 

The ra te  o f  poleward expansion w a s  found by Akasofu t o  be 

dependent upon t h e  i n t e n s i t y  of t h e  dis turbance.  Large 

d is turbances ,  when the  southern-most a r c  f i rs t  br ightens ,  expand 

most r a p i d l y  (up t o  200 km/min). 

e x p l a i n  t h e  o f t e n  observed t i m e  de l ay  between events  a t  College 

and F o r t  Yukon. 

s t a t i o n s ,  there w a s  l i t t l e  o r  no time de lay  observed. 

This  ra te  of expansion would 

S imi l a r ly ,  when an event was recorded a t  a l l  

4.3 Type S events  and t h e i r  r e l a t i o n  t o  luminous au ro ra  

Absorption bays, which were found t o  occur most f r e q u e n t l y  

i n  the pre-dawn hours ( s e e  Fig. 10) are c o r r e l a t e d  w i t h  the  
41 



break-up process  of a r c s  nea r  the  dawn meridian. Akasofu 

(1964) has found that during the expansive phase, s t age  I11 

(T  = 10-30 minutes) of an aurora l  substorm, when a c t i v e  a u r o r a l  

bands appear around the  midnight meridian, a r c s  appearing near  

the dawn meridian become b r igh te r ,  move s l i g h t l y  equatorward 

and then  breakup without violent  motion. The breakup r e s u l t s  

i n  c loud- l ike ,  i s o l a t e d  patches which d r i f t  eastward toward t h e  

t w i l i g h t  meridian. Another c h a r a c t e r i s t i c  f e a t u r e  of t h e  

a u r o r a l  a r c  a t  t h i s  time i s  t h e  eastward d r i f t  of the  so-ca l led  

band. T h i s  sequence of events can be followed i n  Figs. 21. 

and 23. The absorp t ion  bays accompanying t h e s e  a u r o r a l  break- 

ups are i l l u s t r a t e d  i n  Figs. 20 and 22. 

From a n a l y s i s  of a l l - s k y  camera data, Akasofu (1964) has 

concluded tha t  t h e  breakup of quiet  a r c s  i n t o  patches near t h e  

dawn meridian does not occur o f t e n  poleward of t h e  auroral 

zone and i s  i n  f a c t  most prevalent equatorward o f  the  a u r o r a l  

zone. T h i s  r e s u l t  i s  i n  agreement w i t h  t he  l a t i t u d e  v a r i a t i o n  

of absorp t ion  bays found i n  t h e  cosmic noise  records.  Few 

absorp t ion  bays were observed a t  For t  Yukon, near  the  cen te r  of 

the t h e o r e t i c a l  a u r o r a l  zone, while t he  most  common f e a t u r e  a t  

both Healy and Macquarie Is land,  somewhat equatorward o f  t h e  

a u r o r a l  zone maximum, was the  absorpt ion bay. 

4.3.1 Discussion of t he  aurora l  breakup event of January 14, 

1962 

The p a t t e r n  of events  described by Akasofu can be followed 

i n  the College a l l - s k y  f i l m  between 0500 and 0600 l o c a l  time. 
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A qu ie t  a r c  appears approximately 60" north of t h e  zeni th  

u n t i l  0517 when it  begins t o  move toward the equator ,  slowly 

inc reas ing  i n  br ightness .  The maximum b r i g h t n e s s  seemed t o  be 

spread over a per iod of time, i n  c o n t r a s t  w i th  breakup events  

near  t h e  midnight meridian,  which peaked i n  br ightness  i n  a 

f e w  minutes. 

d r i f t  eastward throughout the remainder of t h e  sequence. The 

development and eastward d r i f t  of  an a band can be  followed from 

0543 t o  0605. 

i n t o  t w i l i g h t .  

Cloud-like patches began t o  form a t  0530 and 

The eastward d r i f t  of patches continued wel l  

I n  Fig. 20 the development of the a s s o c i a t e d  absorp t ion  

bay can be seen f o r  both College, Kotzebue, and Macquarie 

I s land .  A t  0430, accompanying t h e  formation of t h e  a rc  seen 

a t  0505, t h e  absorp t ion  increased s l i g h t l y .  Between 0515 and 

0520, coinciding approximately wi th  t h e  beginning of t h e  

equatorwardmotion of the a r c ,  the abso rp t ion  increased  a t  a 

g r e a t e r  rate. The absorp t ion  maxima was b r o a d  w i t h  recovery 

beginning near  0550. Full recovery t o  qu ie t  condi t ions  was not 

complete u n t i l  0800. 

followed e s s e n t i a l l y  the same pa t t e rn ,  a l though some de ta i l s  

were d i f f e r e n t .  

4.3.2 

The absorpt ion a t  Kotzebue and Macquarie 

Discussion of t h e  aurora l  breakup event of January 23, 

1963 

P r i o r  t o  breakup an a r c  appeared about 30" nor th  of the 

zeni th .  The arc remained s tab le  u n t i l  0215 when an equatorward 

motion began. At O23l., patches i'oxnled aid began t o  d r i f t  
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COLLEGE JAN 14, 1962 

0505 

0525 

0535 

ISO' W.M T 

Fig. 2 1  
Jan .  1 4 ,  1962. Note t h e  eas tward  d r i f t  o f  i s o l a t e d  pa t ches  f o l l o w i n g  
t h e  breakup pe r iod .  Compare t h i s  f i g u r e  w i t h  Fig.  20. 

All-sky photographs t aken  d u r i n g  t h e  pre-dawn breakup e v e n t  of 



eastward. A t  0223 an 3 band formed and a l s o  began t o  d r i f t  

eastward toward the t w i l i g h t  meridian. 

A t  0212 t h e  absorpt ion a t  both College and For t  Yukon 

began t o  increase  ( see  Fig. 22) co inc id ing  with t h e  time o f  

equatorwardmotion of t h e  a r c .  A t  College, the recovery began 

about 0230 when the  patches were observed t o  form. A t  For t  

Yukon, t h e  absorpt ion maxima l a s t ed  somewhat longe r .  Recovery 

was complete by 0300. 

4.3.3 

The patches had disappeared by 0304. 

Longitudinal and l a t i t u d i n a l  ex ten t  of abso rp t ion  bays 

I n  Fig. 24 an absorp t ion  bay a s soc ia t ed  w i t h  a breakup 

event of the type discussed above i s  presented,  The l a t i t u d e  

dependence can be i n f e r r e d  from t h i s  f i g u r e ,  Re la t ive ly  l i t t l e  

abso rp t ion  i s  seen a t  For t  Yukon, while a l l  o t h e r  s t a t i o n s  show 

a s i g n i f i c a n t l y  larger amount o f  absorpt ion.  The long i tud ina l  

spread of absorp t ion  bays i s  at least  15" as nea r ly  a l l  bays 

seen a t  College were a l s o  observed a t  Kotzebue. Akasofu has 

found t h a t  a u r o r a l  a r c s  o f t e n  extend from Canada t o  S ibe r i a .  

4.4 Type P events  ar,d t h e i r  r e l a t i o n  t o  1urni,".eus auro ra  

Usable a l l - s k y  camera data  were not a v a i l a b l e  during 

pe r iods  when pu l sa t ing  absorpt ion e v e n t s  were recorded. 
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Fig .  23 
Jan.  2 3 ,  1963. 
c l o s e l y  c o i n c i d e s  wi th  recovery of t h e  abso rp t ion  t o  q u i e t  condi- 
t i o n s .  Compare t h i s  f i g u r e  with F ig .  22. 

All-sky photographs taken d u r i n g  t h e  breakup e v e n t  of 
Note t h a t  t h e  t i m e  of d isappearance  of t h e  pa t ches  
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CONJUGATE STUDIES OF AURORAL ABSORPTION 

5.1 In t roduc t ion  

I n  a review of conjugate geophysical phenomena, Mather and 

Wescott (1963) have recommended. t ha t  conjugate areas be def ined 

more exac t ly ,  The study of cosmic no i se  abso rp t ion  has proven 

u s e f u l  i n  t h e  i n v e s t i g a t i o n  of conjugate a r e a s ,  Both Hook (1962) 

and Leinbach and Bas le r  (1963) have been able t o  c o r r e l a t e  

a u r o r a l  and p o l a r  cap absorption events  occurr ing i n  n e a r l y  

conjugate  areas, I n  particular, Leinback? and Easler  have 

demonstrated a s l i g h t l y  h ighe r  degree of c o r r e l a t i o n  between 

abso rp t ion  a t  Macquarie I s land ,  i n  t h e  South Pac i f i c ,  and a t  
T T  ,. t - AL.. 
L L U I 2 L C U U C  than a t  o t h e r  Alaskan s t a t i o n s ,  'rowever, aliiiost t he  

same degree of c o r r e l a t i o n  ex i s t ed  between each Alaskan s t a t i o n  

and Macquarie I s l and  and a l s o  between any p a i r  of Alaskan 

s t a t i o n s .  They were a l s o  a b l e  t o  show a close r e l a t i o n  between 

both the  magnitude and s t r u c t u r e  of abso rp t ion  events ,  

Eriksen, e t  a l .  (1964) have made a similar inves t iga t ion .  

Examining t h e  d a i l y  and seasonal v a r i a t i o n  of conjugate absorp- 

t i o n  events ,  they found a d a i l y  maximum occurr ing near  l o c a l  

geomagnetic midnight and a seasonal maximum i n  win ter ,  They 

a l s o  noted a t i m e  l a g  of several  minutes between t h e  absorp t ion  

maxima a t  t h e  conjugate s t a t i o n s .  

5.2 Discussion of Resul t s  

I n  t h i s  study, t h e  data from Macquarie were analyzed 

independently of t h e  data f r o m t h e  Alaskan s t a t i o n s ,  although 
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i n  the same manner. Of the  three types  of absorp t ion  e v e n t s  

(Types F, S o r  P)  observed a t  Macquarie, 30 p e r  cent occurred 

simultaneously wi th  events  a t  one or more of t h e  Alaskan 

s t a t i o n s  ( p r i n c i p a l l y  Kotzebue o r  Col lege) .  Note that  

s imul tane i ty  must be def ined f o r  each c l a s s  of events;  

simultaneous Type F events  occur wi th in  p l u s  o r  minus two 

minutes of each o ther ,  while Type S events  cannot be  resolved 

wi th in  p l u s  o r  minus 10 minutes. Table 3 l i s t s  t h e  s imulta-  

neous events  and the  magnitude of t hese  events  a t  each s t a t i o n .  

There was g r e a t e r  c o r r e l a t i o n  between t h e  rnagnitxi-de of the 

absorp t ion  occurr ing a t  Kotzebue and a t  Macquarie I s l and  than 

between Macquarie I s l a n d  and College. The c o r r e l a t i o n  

c a e f f l c i e n t s  zl?e alsc  tabulzted in Table 3 .  Frnm this, one may 

conclude that t h e  d e t a i l s  of cosmic noise  absorp t ion  observed 

i n  conjugate regions a r e  r e l a t ed  i n  magnitude when c e r t a i n  

c h a r a c t e r i s t i c  f e a t u r e s  a r e  considered. 

It would be u s e f u l  t o  u t i l i z e  a f e a t u r e  of h i g h - l a t i t u d e  

absorp t ion  i n  i d e n t i f y i n g  and def ining magnet ical ly  conjugate 

regions.  Idea l ly ,  the  occurrence of such a f e a t u r e  should be 

limited i n  space so  that  the conjugate region may be def ined  

w i t h i n . a s  small an area as possible.  

It should be noted that  any widespread f e a t u r e  of constant  

magnitude over one hemisphere is i n t r i n s i c a l l y  incapable of 

lead ing  t o  a sharp d e f i n i t i o n  o f  conjugate p a i r s .  

Absorption bays, s ince  they develop out  of qu ie t  condi- 

t i o n s ,  might be use fu l  f o r  such an i d e n t i f i c a t i o n .  However, 
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TABLE 3 

DATE 150" W.M.T. MQ KOT COL FY 

Jan. 14, 1962 0534 2.6 2.8 3.1 ND 

Jan. 29 0438 1.1 1.6 1.4 NE 

Jan. 30 0430 1 .2  1.1 1.6 1.4 

Feb. 7 0432 3.3 3. 4 2.4 NE 

Feb. 16 

Feb. 18 
I Mar. 3 

0923 2.1 C 0.8 C 

0910 2.9 3.1 4.3 ND 

0520 0.7 0.8 1.3 ND 

Mar. 5 0315 2.5 3.0 1 . 3  ND 

Mar. 6 0217 0.8 C C 2.7 
Cor re l a t ion  

w i t h  Macquarie Island 
Coeffieiznt 1.0 0.98 0.59 - 

C = Complex absorption event,  no i d e n t i f i a b l e  f e a t u r e s  

ND = No da ta  

I r NE = No i d e n t i f i a b l e  event 
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the time of maxfmm absorp t ion  cannot be weii def ined  f o r  t h e s e  

events  and t h e r e  i s  some evidence tha t  they  may not  be observed 

a t  c e r t a i n  l a t i t u d e s  (>67" gm). 

On the  o t h e r  hand, t h e  Type F (breakup) events  can e a s i l y  

be i d e n t i f i e d  i n  t i m e  and are obse rved ,  o f t e n  simultaneously,  

o v e r  a l a r g e  area.  During simultaneous events ,  the abso rp t ion  

v a r i e s  t o  a l a r g e  degree from s t a t i o n - t o - s t a t i o n  and has been 

observed t o  show g r o s s  d i f f e rences  w i t h i n  a reg ion  of several 

hundred ki lometers .  The s c a t t e r  p l o t s  of s imultaneously 

i d e n t i f i a b l e  events  shown i n  Fig. 25 i n d i c a t e  tha t  the h ighes t  

degree of c o r r e l a t i o n  e x i s t e d  between events  occurr ing a t  

College and Healy which a r e  separated by only 120 k i lome te r s  

(N-S). 

c o r r e l a t i o n  c o e f f i c i e n t  a t  a d is tance  of about 200 km, t o  the 

no r th  of College. The c o r r e l a t i o n  c o e f f i c i e n t s  between College 

and the o t h e r  s t a t i o n s  used i n  t h i s  s tudy a r e  given i n  Table 4, 

It is s i g n i f i c a n t  that the c o e f f i c i e n t  d e t e r i o r a t e s  only slowly 

i n  the east-west d i r e c t i o n  (Kotzebue i s  TOO km west of Col lege) .  

Perhaps t n i s  may be, i n  some way, r e l a t e d  t o  t he  w e l l  known 

tendency of luminous a r c s  t o  l i e  p r e f e r e n t i a l l y  i n  the E-W 

d i r e c t i o n .  

A t t en t ion  may be drawn t o  a rapid d e t e r i o r a t i o n  of the 

I 

An example demonstrating the conjugacy of p u l s a t i n g  absorp- 

t i o n  even t s  ( l a s t i n g  more than  f o u r  cyc les )  was not observed i n  

t h i s  study; however, the data sample was not  adequate. Perhaps 

by u t i l i z i n g  both the  magnitude and the per iod  of such events ,  

the r eg ion  of conjugacy could b e t t e r  be def ined  than  through t h e  

u s e  o f  e i ther  Type F o r  Type S events. 
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which were s imul t aneous ly  i d e n t i f i a b l e  between Col lege  
and t h e  o t h e r  f i e l d  s i t e s .  
exists between Col lege  and Healy. 

S c a t t e r  p l o t s  of abso rp t ion  magnitudes f o r  e v e n t s  

Note t h a t  t h e  b e s t  c o r r e l a t i o n  



Cor re l a t ion '  
Coef f ic ien t  

Numb e r 0 f 
Events 

COL-FY 

0.22 

89 

COL-KOT 

0.41 

35 

C OL -iiEALY 

0.58 

41 

Cor re l a t ion  c o e f f i c i e n t s  f o r  simultaneous Type F absorp- 

t i o n  events  between College and For t  Yukon, College and 

Kotzebu-e, and College and Healy. 
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Type F events  appear t o  be the most favorable  c l a s s  of 

events  f o r  use  i n  studying conjugate absorp t ion  events  and 

def in ing  conjugate regions.  T h i s  a r i s e s  because: (a) Type F 

events  can be resolved t o  + - 1 minute and ( b )  t h e  absorbing 

region seems t o  be smaller  than 100 ki lometers .  

The most common f e a t u r e  of t h e  Placquarie records  was t h e  

absorp t ion  bay o r  Type S event,  

of data has been used, t h i s  supports t h e  e a r l i e r  observat ion 

tha t  Type S events  are more frequent a t  geomagnetic l a t i t u d e s  

less than  65".  

Although only a l i m i t e d  amount 



where t h e  absorp t ion  as measured by t h e  antenna i s  A, t h e  K 

func t ion  i s  absorp t ion  per u n i t  pa th  (when t h e  e l e c t r o n  dens i ty  

i s  u n i t y ) ,  and N i s  the  e lec t ron  dens i ty  a t  height  h. 

s p e c i f i c  absorpt ion K i s  a funct ion of t h e  e l e c t r o n  c o l l i s i o n  

frequency u m  (appropr ia te  t o  the  e l e c t r o n s  wi th  the most 

probable v e l o c i t y ) ,  t h e  wave  frequency, f ,  the  angle  of 

The 
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CHALDTER VI 

MULTIPLE FREQUENCY ANALYSIS OF ABSORPTION EVENTS 

6.1 In t roduct ion  

The a n a l y s i s  of single-frequency absorp t ion  data i s  not 

capable of der iv ing  de t a i l s  of t h e  i o n i z a t i o n  p r o f i l e .  I n  

view of t h i s  d i f f i c u l t y ,  Parthasarathy, Le r fa ld ,  and L i t t l e  

(1963) have developed a technique f o r  d e r i v i n g  e l e c t r o n -  

d e n s i t y  p r o f i l e s  i n  the lower ionosphere u t i l i z i n g  cosmic noise  

abso rp t ion  measurements a t  severa l  f requencies .  T h i s  technique 

has  proven p a r t i c u l a r l y  valuable during d i s tu rbed  ionospheric  

condi t ions .  A d e t a i l e d  discussion of the technique i s  given by 

Par thasara thy  e t ,  a l .  and w i l l  be only b r i e f l y  ou t l ined  here .  

Fer t h e  i n s t ~ m e n t a l  details re fe rence  x2.r J be made t o  

Par thasara thy  and Ler fa ld  (1964). 

Radiowave absorp t ion  from any ionized s t ra tum i s  a func t ion  

of  the wave frequency, t h e  e l ec t ron  c o l l i s i o n  frequency, t he  

e l e c t r o n  gyrofrequency, and i n  t h e  case of non-deviative absorp- 

t i o n ,  i t  i s  a l s o  propor t iona l  t o  the e l e c t r o n  dens i ty .  Thus, 

f o r  a narrow beam, z e n i t h a l  d i rec ted  antenna 



propagation, $, w i t h  respect  t o  t h e  magnetic f i e l d ,  and t h e  

e l e c t r o n  gyrofrequency, s. The form of t h i s  func t ion  as  used 

here  i s  due t o  Sen and Wyller (1960)~ which takes i n t o  account 

t h e  dependence of t h e  c o l l i s i o n  frequency of each e l e c t r o n  on 

i t s  energy. For a convenient t abu la t ion  of the  K func t ion ,  see 

Chorba j i a n ,  Sugiura, and Parthasarathy (1962). 

Any given N(h) func t ion  may be t e s t e d  through the  i n t e g r a l  

r e l a t i o n s h i p  (1) t o  see whether i t  s a t i s f i e s  t h e  observed data 

a t  the observing frequencies .  The l a r g e r  the range of s imul ta -  

neous radio-frequency da ta  tha t  are a v a i l a b l e ,  t h e  more c o n f i -  

dence one can p lace  i n  t h e  de t a i l ed  v a l i d i t y  of t h e  der ived  

e l e c t r o n  d e n s i t y  p r o f i l e .  

During a u r o r a l  absorpt ion events ,  Ler fa ld ,  L i t t l e ,  and 

Par thasara thy  (1964) found tha t  t h e  observed absorp t ion  values 

o f t en  sa t i s f ied  a simple power law of  t h e  form 

where C i s  a cons tan t ,  and A ( f e )  i s  t h e  absorp t ion  i n  d e c i b e l s  

a t  a given e f f e c t i v e  frequency fe .  The value of t h e  exponent 

n and hence t h e  der ived ion iza t ion  p r o f i l e  was also found by 

them t o  vary from event-to-event. The results of t h i s  technique 

w i l l  be used i n  the following sec t ions  f o r  events  which sat is-  

f i e d  the  condi t ion  of reasonably uniform i o n i z a t i o n  over the 

60 degree heamwidth of t h e  antenna. 

6 .2  Mult iple  frequency ana lys i s  of s e l e c t e d  Type F events  

Several events  f o r  which the absorbing region was known 

t o  be spread over a region of severa l  hundred k i lometers  
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( i . e .  observat ion of the  event a t  severa l  s t a t i o n s )  were 

analyzed us ing  mul t ip le  frequency data f o r  t h e  pe r iod  1961-62. 

These data were gathered a t  College over t h e  same per iod  dur-  

ing  which the s i n g l e  frequency data were examined. The 

f requencies  used i n  the mult iple  frequency s tudy were 5-, 
5+, lo’, lo’, 20’, 20+, 30, and 50 Mc/s where t h e  p l u s  and 

minus s igns  denote t h e  extraordinary and ord inary  w a v e s  

r e spec t ive ly .  

The exponent n i n  expression ( 2 )  was determined f o r  each 

event under considerat ion.  The value o f t h e  exponent var ied  

f r o m  1.1 t o  1.8 and the average value w a s  determined t o  be  

approximately 1.4. I n  Fig. 26 the shape of the  e l e c t r o n -  

d e n s i t y  versus  he ight  p r o f i l e  i s  given f o r  n = 1.45. The data 

used I n  obta in ing  t h i s  p r o f i l e  were night t ime win te r  values. 

Depending upon t h e  a c t u a l  magnitude o f  absorp t ion  i n  any of 

t h e  frequencies ,  t h i s  p r o f i l e  may be mul t ip l i ed  a t  every poin t  

by an appropr i a t e  f a c t o r  t o  obtain t h e  a c t u a l  magnitude of 

ab sorp t ion .  

6.3 Mult iple  frequency ana lys i s  of Type S events  

Sample e l ec t ron -dens i ty  p ro f i l e s  a r e  shown i n  Fig. 27 

and correspond t o  the Type S events of Fig. 8. 

which extend down t o  very low a l t i t u d e s ,  seem compatible w i t h  

i o n i z a t i o n  due t o  e l e c t r o n s  and t h e  a s soc ia t ed  X-ray 

Bremsstrahlung as proposed by Chapman and L i t t l e  (1957) and 

Aikin and Maier (1963). 

not un ique ly  e s t ab l i shed  for e i t h e r  the Type S or Type F 

Such p r o f i l e s ,  

A model e l ec t ron -dens i ty  p r o f i l e  was 
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events;  i n  f a c t ,  a t  the current stage of understanding of t h e  

seve ra l  a spec t s  of t he  phenomena, a considerable  degree of 

optimism would be requi red  t o  advocate any p a r t i c u l a r  model. 

However, i t  may be pointed out tha t  i n  many cases  considerable  

i o n i z a t i o n  e x i s t e d  down t o  t h e  50 k m  l eve l ;  and also, no system- 

a t i c  d i f f e r e n c e s  i n  shape were not iceable  between t h e  p r o f i l e s  

obtained during the daytime and those obtained i n  nighttime. 

If such a systematic d i f fe rence  had ex i s t ed ,  i t  was presumably 

concealed by the v a r i e t y  of p r o f i l e s  i n  each group. Obviously 

then,  t h e  s t a t i s t i c a l  s t u d i e s  of day-night ra t ios  such as have 

been done by seve ra l  workers i n  t h e  past ,  have t o  be i n t e r p r e t e d  

w i t h  g r e a t e r  cau t ion ,  

6 .4  Discussion 

I n  us ing  these p r o f i l e s  f o r  der iv ing  o r  ve r i fy ing  the 

primary e l e c t r o n  f l u x  and the energy spectrum, one has t o  know 

the r a t e  c o e f f i c i e n t s  of recombination, attachment,  e t c . ,  a s  

a func t ion  of height .  The e f f e c t i v e  recombination c o e f f i c i e n t ,  

ae f f (h)  may be der ived by using the bas ic  l a h o r a t n r y  dat.a ir! 

con junc t ion  w i t h  t h e  atmospheric parameters,  A l t e rna t ive  

approaches would be t o  de r ive  the c o e f f i c i e n t s  by two independ- 

en t  methods: 

event N(h) p r o f i l e s ,  and t h e  corresponding s a t e l l i t e  measured 

pro ton  f l u x  data; and, ( b )  by means of the N ( h )  p r o f i l e s  

obtained during a s p e c i a l  sub-category o f  r a p i d l y  recovering 

events  of t h e  Type F c l a s s .  These two independent techniques 

have g iven  reasonably s e l f  -consis tent  values of aef f  which 

(a) by means of a s e t  of p o l a r  cap absorp t ion  
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appear  t o  be somewhat higher  than  t h o s e  a v a i l a b l e  I n  t h e  

l i t e r a t u r e  [ Parthasarathy and Berkey ( t o  be p i h l i s h e d ) ]  . 
A d i r e c t  inference concerning the  Type F and S events  

would, t he re fo re ,  be that  t h e  p rope r t i e s  of t h e  luminous 

f e a t u r e s  of t h e  a s soc ia t ed  aurora l  d i sp l ays  discussed i n  Chapter 

4 a r e  t o  be i n t e r p r e t e d  as  concomitant e f f e c t s ,  r a t h e r  than  

causa t ive  f a c t o r s  of t he  radio wave absorption. 



CHAPTER VI1 

DISCUSSION AND CONCLUSIONS 

7.1 In t roduct ion  

The purpose of t h i s  chapter i s  t o  consol ida te  and t o  

e l abora t e  on the  r e s u l t s  obtained i n  the e a r l i e r  chapters .  A t  

t h i s  po in t  perhaps the purpose o f  t h i s  study should be reviewed-: 

(a) to ob ta in  t h e  s p a t i a l  and tempora l  c h a r a c t e r i s t i c s  of the  

d i s t i n c t  absorp t ion  events  i n t o  which h i g h - l a t i t u d e  cosmic noise  

absorp t ion  records  may be c l a s s i f i e d ,  and; ( b )  t o  r e l a t e  t h e s e  

d i s t i n c t  events  t o  o ther  assoc ia ted  geophysical phenomena, 

p r i n c i p a l l y  v i sua l  aurora  and magnetic dis turbance.  

before ,  t h e  d i s t i n c t  ca t egor i e s  s tud ied  here  have been ind iv idu -  

a l l y  recognized and inves t iga t ed  by var ious workers, but  t h e i r  

spat ia l  and temporal a s p e c t s  have not been thoroughly analyzed 

before.  

A s  noted 

7.2 S p a t i a l  and temporal c h a r a c t e r i s t i c s  

Each of t h e  t h r e e  types  o fabso rp t ion  events  i n v e s t i g a t e d  i n  

t h i s  study was PezGgnizable in the riometer data fro: the foul? 

Alaskan f i e l d  s t a t i o n s ,  which are  s i t u a t e d  a t  varying geomag- 

n e t i c  l a t i t u d e s ,  and a l s o  i n  the  data from Macquarie I s l and ,  

i n  t h e  South Pac i f i c .  The frequency of occurrence of each 

event was found t o  vary wi th  geomagnetic l a t i t u d e .  Type S 

events were imst frequent a t  t h e  l a t i t u d e s  of  Eeaiy and 

Kotzebue, while Type F events  occurred most o f t e n  a t  College 

and F o r t  Yukon. Type P events  were noted most o f t e n  a t  

Healy. No marked seasonal  v a r i a t i o n  w a s  found f o r  any 
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type of event; however, a tendency toward a f a l l  maximum was  

evident  f o r  Type F events.  At a l l  s t a t i c n s  Type F events  

occurred most f r equen t ly  around l o c a l  midnight, while Type S 

events  were noted i n  t h e  pre-dawn hours. The  t i m e  of occurrence 

of Type P events  var ied  with l a t i t u d e ,  becoming l a t e r  a s  

lower l a t i t u d e s  were approached, 

I n  t h e  graphs d isp lay ing  the frequency of occurrence of 

the magnitude ( i n  dec ibe l s )  of the d i f f e r e n t  t ypes  of events  

i t  was observed tha t  a p a r t i c u l a r  magnitude was favored and that 

t h i s  p a r t i c u l a r  magnitude varied w i t h  l a t i t u d e .  Therefore,  i t  

i s  f e l t  that  some phys ica l  s ign i f icance  should be a t t ached  t o  

t h i s  r e s u l t ;  i t  would seem quite premature t o  propose any 

convincing, unique mechanism at t h i s  s tage .  Two p o s s i b i l i t i e s  

may be mentioned: (a) some type of shock-excited mechanism ( f o r  

Type F events )  and: (b )  a buildup of c e r t a i n  i n s t a b i l i t i e s  which 

may f a v o r  a c e r t a i n  p a r t i c l e  flux. Both of t h e s e  mechanisms can 

occur i n  the  magnetosphere. 

5' , ., '1. D l r ~ l a b l v , r  to m s g ~ e t f c  dist.urbance 

A good c o r r e l a t i o n  was found between t h e  occurrence of 

Type F absorp t ion  events  and t h e  occurrence of nega t ive  bay 

d i s tu rbances  of t h e  magnetic H-component. However, t h e r e  was 

no r e l a t i o n  between the magnitude of the sudden inc rease  of  

a b s o r p t i o n  and the  magnitude of t h e  corresponding change I n  

t h e  H-component ( s e e  Fig. 18). This  r e s u l t  imp l i e s  that  the  

energy spectrum of t h e  incoming p a r t i c l e s  r e spons ib l e  f o r  t h e  

increased  i o n i z a t i o n  v a r i e s  f r o m  event-to-event.  For  example, 
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an  abundance of low energy p a r t i c l e s  i n  t h e  spectrum may 

produce g r e a t e r  i o n i z a t i o n  a t  100 km than  a t  lower he igh t s ,  

r e s u l t i n g  i n  a g r e a t e r  magnetic e f f e c t  due t o  an increased  

cu r ren t  f low.  

Type S events  were found t o  c o r r e l a t e  w i t h  p o s i t i v e  bay 

d is turbances  before  midnight and negat ive bay d is turbances  

a f t e r  midnight. 

d i s turbance ,  however such events  were not considered i n  d e t a i l .  

A few events  were not accompanied by magnetic 

Type P events  were usua l ly  found t o  be accompanied by 

magnetic pu l sa t ions ,  although not  always i n  phase w i t h  one 

another .  It should be pointed out that t h e  occurrence of regu- 

l a r  p u l s a t i o n s  i s  very frequent i n  both t h e  magnetometer and 

e a r t h  cu r ren t  records,  while absorpt ion p u l s a t i o n s  of d e f i n i t e  

pe r iod ic  s t r u c t u r e  a r e  extremely rare. Since t h e  magnetic 

p u l s a t i o n s  have been a t t r i b u t e d  t o  hydromagnetic o s c i l l a t i o n s ,  

it would seem tha t  an e x t r a  f a c t o r  must be invoked t o  expla in  

the ( l e s s  f requent )  pu l sa t ions  i n  the radiowave absorp t ion  

records.  

7.4 Relat ion t o  v i s u a l  aurora  

I n  t h i s  s tudy  Type F events were found t o  be a s soc ia t ed  

wi th  the breakup phase of aurora l  a r c s  near  t h e  midnight 

meridian. This  a s s o c i a t i o n  has been discussed i n  d e t a i l  by 

Ansari (1963) and Gustafsson (1962). 

It was found that  Type S events are r e l a t e d  t o  t h e  breakup 

phase of qu ie t  a u r o r a l  a r c s  near the  dawn meridian. During such 

events  the absorp t ion  appeared t o  be related t o  t h e  presence of 
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moving a u r o r a l  forms, rather than t h e  degree of b r igh tness  of 

such a form. I n  the course of the breakup event,  t h e  absorp t ion  

began t o  increase  when the a r c  began t o  expand equatorward and 

had recovered when the  eastward d r i f t i n g  pa tches  were no' 

longer  v i s i b l e .  

be r e l a t e d  t o  t h e  r a t e  of expansion of a u r o r a l  forms. 

should be noted that  a rapid poleward expansion accompanies the  

. 

This impl ies  t h a t  t h e  absorp t ion  magnitude may 

It 

breakup phase near  the  midnight meridian. 

Due t o  a l ack  of a l l - s k y  camera da ta  during per iods  of 

p u l s a t i n g  absorpt ion,  it ceuld not be determined f r o m  t h i s  study 

if Type P events  were cor re la ted  wi th  any p a r t i c u l a r  aspec t  of 

t h e  aurara. 

7.5 Relat ion t o  conjugate point i d e n t i f i c a t i o n  

An observa t iona l  approach, i n t r i n s i c a l l y  capable of de f in -  

ing a pair  of conjugate ' po in t s '  w i th in  t h e  narrowest poss ib l e  

a rea ,  should first seek a na tu ra l  phenomenon known, a t  any 

i n s t a n t ,  t o  be confined t o  a l imi t ed  a r e a  i n  one of  t h e  hemi- 

spheres. Examples a r e ,  iselated q i e t  2rcs  2nd auro ra l  Jet  

cu r ren t s .  Here i t  has been shown that the  Type F event is 

r e a d i l y  d i s t ingu i shab le  during per iods  of absorp t ion  and i s  

l o c a l i z e d  i n  magnitude. 

c o r r e l a t i o n  of magnitude f o r  simultaneous Type F events  was 

not very high, even betweer; College and Healy, ( f ~ r  College- 

Healy 0.57 and f o r  College-Fort Yukon, 0.26) which are separated 

by only  120 km. Thus i t  appears that  Type F absorp t ion  events  

are capable of de f in ing  a conjugate region t o  a t  l e a s t  100 k m  

i n  l a t i t u d e .  

From Table 4 i t  can be seen tha t  the  
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Type S events ,  al though e a s i l y  d i s t ingu i shab le ,  cannot be 

resolved w i t h  accuracy t o  w i t h i n  5 minutes due t o  tk rat .her  

broad maximum of absorpt ion.  For a number of simultaneous 

events  (predominantly Type S) , observed both a t  Macquarie, 

Kotzebue, and College it  was found that  t h e  c o r r e l a t i o n  was very 

high between Macquarie and Kotzebue, although only a l i m i t e d  

number of events  were considered, Thus Type S events  may a l so  

be u s e f u l  i n  def in ing  conjugate regions,  e s p e c i a l l y  a t  l a t i t u d e s  

where Type F events  a r e  not commonly observed; however, t hey  

a r e  not capable of def in ing  t h e  conjugate reg ion  as exac t ly  as 

a r e  Type F events.  

7.6 .Mult iple  frequency ana lys i s  

The s tudy of Type F events  u t i l i z i n g  mul t ip l e  frequency 

cosmic noise  data has l e d  t o  t he  conclusion tha t  t he  energy 

spec t r a  of incoming p a r t i c l e s  var ies  from event-to-event,  i n  

agreement w i t h  t h e  conclusion obtained as a r e s u l t  of  the s tudy 

of magnetometer records.  

implied through the  variance of t he  exponent n i n  the expression 

(2)  of Chapter 6. 

t o  1.9, a change of a t  l e a s t  50 per  cent .  

f i l e s  which extend down t o  40 km during these  events  may be 

con t r a s t ed  w i t h  t h e  i o n i z a t i o n  responsible  f o r  the luminosi ty  

of the au ro ra  ( =  120 km) as we11 as f o r  t h e  magnetic e f f ec t s  

( = 120 k m ) .  

The change i n  t h e  energy spectrum i s  

This  exponent was found t o  range from 1.1 

The i o n i z a t i o n  pro-  
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